. N a g a n o 5-6 determined the consecutive formation constants of metal (Cu, Ni, Co, Mn, Zn, Cd) com plexes of IH N and related compounds by the pH titration method.
E r l e n m e y e r et a l. 1 reported th a t the tuberculo static action of isonicotine hydrazide (INH) in creases a ten-fold in the presence of cupric ion. Following the discovery th a t isonicotine hydrazide has valuable amta'-tubercular properties the studies of IN H other related compounds and their metal complexes have been taken up with vigour. Metal chelates of isonicotins hydrazide containing Cu11, Co11, Fe11 and Zn11 have been reported by F o y e et a l.2, F a l l a b et a l. 3 and Cy m m e r m a n et al. 4 . N a g a n o 5-6 determined the consecutive formation constants of metal (Cu, Ni, Co, Mn, Zn, Cd) com plexes of IH N and related compounds by the pH titration method.
Although these extensive studies have been made with bivalent metal complexes of IN H and PH (picoline hydrazide), studies on lanthanides are lacking. In our earlier communications reports have been made of several complexes of lanthanide nitrate, perchlorate and chloride with malonic acid and succinic acid dihydrazides. The hydrazides have been found to act as bidentate ligands utilising secondary amide nitrogen atoms. In this paper we report the synthesis and pro perties of several complexes of lanthanides with isonicotine hydrazide and with picoline hydrazide in order to study their sites of coordination as another potential coordinating group -pyridine nitrogen atom -is available with it.
Experimental

Preparation of the complexes
One mmole of lanthanide nitrate (or perchlorate) was dissolved in a minimum amount of ethanol (~ 10 ml) and to this solution was added a solution of isonicotine hydrazide or picoline hydrazide (4 mmoles) in a minimum amount of ethanol (15 ml). The resulting solution was concentrated on a w ater bath for a few minutes with occasional scratching when the precipitate appeared. I t was then cooled in ice and filtered and washed with hot ethanol and dried in a desiccator over concentrated H 2S 0 4. In case of latter series (PH series), complexes are precipitated with addition of ether.
Preparation of isonicotine and picoline hydrazide
Isonicotine hydrazide and picoline hydrazide were prepared by refluxing the corresponding ethylester and hydrazine hydrate in absolute alcohol on a w ater bath. The products were recrystallized from absolute alcohol, m .p.: IN H 103 °C (lit. 104 °C), P H : 101 °C (lit. 102 °C).
A pparatu s
Infrared spectra of isonicotine hydrazide and its complexes were recorded with a Carl Zeiss UR 10 spectrophotometer in the range 400-1700 cm-1 K B r pellets and th a t of picoline hydrazide and its com plexes in a Perkin-Elmer model 21 spectrophoto meter in Nujol mulls over the range 600-1700 cm-1. Visible spectra of complexes in methanol solution and the lanthanide nitrates in aqueous solution were taken in a MOM spectrophotometer in 2 cm cell. The concentration of praseodymium and neody mium were 2.42 X 10~2 M, 5.03 X 10~2 M, resp. The molar conductance of the complexes in methanol (concentration 1 X 10-3 M) were determined at 30 °C using a Phillips Conductometric bridge having an immersion type cell (cell constant = 0.5863). The derivatogram of the complexes were recorded in a Metrimpex Derivatograph type OD-102. The heating was continued a t the rate of 6.6°/min to about 800 °C until the oxides were formed. The derivatograms of the complexes are shown in Table IV .
Discussion
The complexes of isonicotine hydrazide are highly soluble in water, methanol, acetone, less soluble in ethanol, insoluble in nitro-benzene and chloroform. Table I . The intensities of the solution spectra of most trivalent lanthanide ions have recently been inter preted7' 8 by means of the Judd-Ofett theory. The spectra show little effect on band position and band intensities except for the hypersensitive transition 4 i9/2 -> GG5/2 in the neodymium complex.
Here the molar extinction co-efficient value in creases from e -6.06 in the salt to e -14.20 in the complex. The transition 3h4 -> 3p2 is hyper sensitive in P r+3 complex. The band of the pyridine ring vibrations ( -1000 cm-1) in IN H shifts towards higher fre quencies which is presumably due to co-ordination of Ln to pyridine nitrogen. In P H -L n complexes the am ide-I band shifts towards lower frequencies (1682 cm-1 in the ligand to ~1660 cm-1 in the complexes) and th at of the ring vibrations ( -1080 cm-1) towards higher frequencies th an th a t of PH . These may be taken due to co-ordination of both carbonyl and pyridine nitrogen to Ln. The C = C and C = N stretching vibrations cannot be discussed due to overlapping with the am ide-II band. The am ide-II band located at 1558 cm-1 for IN H and 1522 cm-1 for PH ; the am ide-III band located a t 1220 cm-1 for IN H and 1240 cm-1 for P H remains unperturbed in the complexes. Further, the positive spectral shift of NH2-deformation bands in the ligands may be attributed to the lack of N H 2-involvement in bond formation with the m etal ion. Moreover, in the IN H and PH spectra a band a t -690 cm-1 (amide-V) does not disappear on complex formation showing th a t the secondary amide nitrogen atom is not the coordination site as was the case with previously studied hydrazides9.
The bands due to nitrate ions together with their probable assignments are included in Table III . The assignments are made on the basis of two possible asymetries10-11. The presence of bands at 819 cm-1 and 1070 cm-1 are due to complexes with coordinated nitrate groups12-13. On the other hand the presence of the band a t 1385 cm-1 indicates the existence of ionic nitrate species. The bands at 1406, 1433 cm-1 are probably due to a v4 band of co-ordinated nitrate10-14-15. The absorption at 752 cm-1 has combined with a ligand mode to produce a very intense band. I t is clear th a t we must assume structures which include both coordi nated and ionic nitrates for the nitrate complexes of lanthanides. B ut the num ber and positions of observed infrared bands in general, cannot be used to differentiate between monodentate and bidentate coordinating nitrate groups. In the perchlorate complexes depending on the ligand structure and number of ligands, the per chlorate ion may or may not be coordinated15-18. H a t h a w a y and U n d e r h i l l 19 demonstrated th at the broad, degenerate absorption peak present with ionic perchlorate splits into two well-defined bands with maxima between 1200-1000 cm-1 when the perchlorate is coordinated. An equally strong band appears between 940 and 890 cm-1. In the present series of complexes a definite assignment could not be ascertained due to the presence of ligand bands in the 1200-1000 cm-1 and 650 cm-1 region. Howrever, E r and Y complexes show two well-resolved bands (*>3) a t 1120 and 1100 cm-1. A medium band is observed at 900 cm-1 and a t 930 cm-1 (n)-A strong band (r4) a t 626 cm-1 is also observed. The splitting of vz and the appearence of a new peak -930 cm-1 is probably due to coordinated per chlorate in these complexes19.
Conductances:
The molar conductances of the nitrate, perchlorate and chloride complexes in m ethanol are -60, -160, and 140 ohm-1 cm2 mole-1 respectively. They are in good agreement w ith those reported in the literature for 1 :1 electro lytes (nitrate) and 1 :2 electrolytes (perchlorate and chloride) thus supporting the IR evidence. N agano et a l.5'6 for Cd complexes. In the nitrate complexes the coordination number of the lanthanides are possibly seven and, as suggested from IR spectra and con ductance measurement, only two possibly bidentate nitrate ions are coordinated to the lanthanide ions. Due to the close proximity of the hydrazide group to the pyridine ring bonding in the picoline hydra zide complexes takes place by the heterocyclic nitrogen atom and the carboxyl oxygen atom. 
